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Abstract: The major storage substance in rice endosperm is starch, which accounts for 80% of dry matter 
weight. In this study, rice mutant flo7, selected from the progeny of Nipponbare’s tissue culture, displayed 
floury and opaque endosperm. Compared with its corresponding wild type (WT) Nipponbare, the mutant flo7 
produced longer, narrower, thinner and lighter grains. The levels of glucose, fructose and sucrose in the 
mutant flo7 endosperm were higher than those in the WT endosperm, whereas the protein content was 
not affected. With respect to both amylose content and gel consistency, the mutant flo7 was lower than WT, 
but its alkali value was higher. Scanning electron microscopic examinations showed that the endosperm of 
the mutant flo7 contained irregular, loosely packed and compound starch granules. Genetic analysis indicated 
that the mutant phenotype was determined by a single recessive nuclear gene. The flo7 locus was mapped 
to a region on the long arm of chromosome 12, within a 95.1 kb interval defined by the markers C2-11 and 
C5-15. There are 13 open reading frames in the mapping interval. Transcription profiling of the developing 
grains showed that a number of genes involved in starch synthesis were affected differently in the mutant flo7. 
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Starch is the major storage material in the cereal 
endosperm, accounting for about 80% of the total dry 
matter weight. Endosperm starch is a complex of the 
two polymers, amylose and amylopectin, the former 
comprising of the glucose moieties connected together 
by Į-1,4 glycosidic bonds, while in the latter the 
glucose moieties are linked via Į-1,6 glycosidic bonds. 
Both amylose and amylopectin are synthesized in 
amyloplast. Starch synthesis is a multi-step process, 
beginning with glucose generated by photosynthesis, 
and then glucose is converted into sucrose. Sucrose is 
transported to grains through vascular bundles, which 
is then converted into uridine diphosphate (UDP) 
glucose and fructose by the hydrolysis of UDP-glucose 
pyrophosphorylase (UGPase). The UDP-glucose then 
is converted into 1-phosphate glucose, which is used 
to synthesize adenosine diphosphate glucose (ADPG) 
under the catalytic of ADP-glucose pyrophosphorylase 
(AGPase), finally ADPG is used to synthesize starch 
under the action of starch synthase (SS), branching 
enzyme (BE) and debranching enzyme (DBE) (Kawasaki 
et al, 1993; Hirose and Terao, 2004; Kawagoe et al, 
2005; Woo et al, 2008; Qu et al, 2014). Starch chain length 
is increased through transporting glucose base to the 
end of Į-1,4 glycosidic bond by SS. Granule bound starch 
synthase (GBSSI) is coded by Wx gene, of which the 
function missing will lead to the missing or falling 
content of long chain amylose and amylopectin (Shimada 
et al, 1993; Myers et al, 2000; Hanashiro et al, 2008). 
BE connects short chain to the C-6 hydroxy by hydrolysis 
of internal Į-1,4 glycosidic bonds and then forms 
Į-1,6 branches, and BE is active during the middle 
and later periods of seed development (Gao et al, 1996; 
Hamada et al, 2001). The function missing of BEIIb 
Received: 2 April 2015; Accepted: 4 May 2015 
Corresponding author: WEI Xiang-jin (weixj99@126.com) 
Copyright © 2015, China National Rice Research Institute. Hosting by Elsevier B.V. All rights reserved. 
Peer review under responsibility of China National Rice Research Institute. 
http://dx.doi.org/  tt :// . i. r /10.1016/j.rsci.2015.05.019 
 http://dx.doi.org/10.1016/j.rsci.2015.05.019 
This is an op n access article under the CC BY-NC-ND license 
(http://cr ativecommons.org/ censes/by-nc-nd/4.0/).
Peer review under responsibil ty of China National Rice Research Institute
SHENG Zhong-hua, et al. Phenotype of Rice Floury Endosperm Mutant flo7 and Fine Mapping                            163 
inhibits the synthesis of short chain amylopectin, 
which leads to opaque endosperm, smaller grain size 
and lower 1000-grain weight (Nishi et al, 2001). DBE 
has effects on synthesis of amylopectin by catalytic 
hydrolysis of Į-1,6 glycosidic bonds. 
In addition, the starch synthesis in rice grain is 
regulated by some transcription factors. Transcription 
factor RSR1 regulates gene expression involved in starch 
synthesis in endosperm negatively. In the endosperm 
of mutant rsr1, the expressions of all the starch 
synthesis genes are up-regulated, the amylose content 
increases, the gelatinization temperature reduces, and 
the grain size and grain weight increase (Fu and Xue, 
2010). Alkaline leucine zipper transcription factor 
OsbZIP58 can combine to the promoters of OsAGPL3, 
Wx, OsSSIIa, SBE1, OsBEIIb and ISA2 directly during 
the process of starch synthesis, which then regulates 
gene expression. The total starch and amylose contents 
of mutant osbzip58 reduce significantly, and 1000-grain 
weight, grain width and thickness all reduce, but 
grain length increases adversely (Wang et al, 2013). 
In rice, six endosperm mutants, flo1 (Satoh and 
Omura, 1981), flo2 (She et al, 2010), flo3 (Nishio and 
Iida, 1993), flo4 (Kang et al, 2005), flo5 (Fujita et al, 
2007; Ryoo et al, 2007) and flo6 (Peng et al, 2014), 
have been described. Grains produced by these materials 
form an endosperm which is floury and opaque instead 
of vitreous (Satoh and Omura, 1981). The amylose 
content of flo1 is higher than that of wild type, but 
neither grain size nor shape is altered, and the mutation 
affects a gene on chromosome 5. The mutated gene in 
the mutant flo2, which is mapped to chromosome 4, 
regulates the expression of various storage protein and 
starch synthesis related genes (She et al, 2010). The 
mutant flo3, also affecting a gene on chromosome 4, 
produces floury endosperm and reduced 16 kD globulin 
content (Nishio and Iida, 1993). The flo4 mutation is 
caused by the insertion of a T-DNA element into gene 
OsPPDKB, encoding pyruvic acid double phosphate 
kinase, and the gene is mapped to chromosome 5 
(Kang et al, 2005). The flo5 mutation is also caused by 
the insertion of a T-DNA element, which causes the 
missing of starch synthase gene OsSSIIIa on chromosome 
8 (Fujita et al, 2007; Ryoo et al, 2007). flo6, a mutant 
induced by in vitro culture, affects a gene on chromosome 
3, which encodes a protein that combines with starch 
isomerase to regulate starch synthesis (Peng et al, 
2014). 
In this study, flo7 obtained from in vitro culture was 
used. The morphological features, dynamic change of 
free sugars and dry matter in the process of grain filling, 
and various physical and chemical properties of flo7 
were described in detail and analyzed. Meanwhile, 
Flo7 was fine mapped, and the expressions of starch 
synthesis related genes affected by mutant gene Flo7 
were also detected. The results would lay foundation 
to further cloning of Flo7 and related function research. 
MATERIALS AND METHODS 
Rice materials 
The floury endosperm mutant flo7 was selected from 
in vitro cultured Nipponbare. The mode of inheritance 
of the mutant phenotype was performed using F1 
progeny derived from the cross combinations flo7 × 
Nanjing 11, flo7 × Pei’ai 64 and flo7 × 93-11, and the 
Flo7 locus was genetically mapped using a segregating 
population bred from the cross flo7 × Nanjing 11. 
Plants were raised conventionally at the fields of 
China National Rice Research Institute, Hangzhou, 
China. Three replications were set and a total of 15 
plants each of flo7 and wild type (WT) Nipponbare 
were selected randomly to measure plant height, 
1000-grain weight, seed-setting rate and panicle length. 
Quantification of dry matter and free sugar 
content in developing grains 
Developing grains were harvested every 3 d, from 3 d 
after flowering (3 DAF) to 30 DAF, and stored at 
-80 °C. Dry matter weight was determined after dried 
for 48 h at 65 °C to a constant weight. Free sugars 
were measured using a Glucose-Fructose-Sucrose kit 
purchased from Biosentec (www.biosentec.fr) (Steegmans 
et al, 2004). Absorbance values were measured using a 
DU800UV spectrophotometer (Beckman, USA). 
Determination of amylose content, gel consistency, 
alkali value, protein content and grain hardness in 
mature grains 
Amylose content, gel consistency and alkali value 
were determined according to the China Agriculture 
Industry Standard NY/T147-88 (Agricultural Industry 
Standard of the People’s Republic of China, 2002). 
Protein content was measured from three replicate 
samples, following the method described by Sun et al 
(2006), using an infrared fast analyzer (Foss, Denmark). 
Endosperm hardness index was obtained from three 
replicated samples using a TMS-Pro device (www.food 
techcorp.com). 
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Scanning electron microscopy (SEM) of brown rice 
cross-sections 
Dry and complete shape brown rice of flo7 and wild 
type were randomly selected, then ruptured artificially, 
and the ruptured half brown rice of flo7 and wild type 
were used. The half brown rice was affixed on sample 
stage, the cross-section of which was upward, then the 
cross-section of the half brown rice was gold-plated 
by using vacuum coating machine (Hitachi, Japan). 
Finally, 20 kV acceleration voltage was added in SEM, 
and the observation and taking photos over different 
position of the cross-section of the half brown rice 
under SEM were conducted (Kang and Cheng, 2007). 
Genetic mapping of Flo7 
A total of 512 pairs of SSR primers evenly distributed 
on 12 chromosomes were used to screen polymorphism 
between the mutant flo7 and Nanjing 11. The seeds 
obtained from F1 plants of flo7 × Nanjing 11 combination 
with floury endosperm (equivalent of F2 recessive 
separated plants) were selected, and then germinated, 
further DNAs of the seedling leaves were extracted for 
gene mapping of Flo7. Firstly, 46 floury endosperm 
separated plants were selected to linkage analysis of 
mutation gene Flo7, which was aimed to preliminary 
mapping target gene. Thereafter, 11 polymorphic SSR 
and InDel markers (Table 1) located in the critical 
genomic region were identified, and these, along with 
the most closely linked SSRs identified in the primary 
screen, were used to genotype a population of 1 720 
F2 seedlings to obtain a localized fine-scale genetic 
map. Each 10 μL PCR contained 1 μL of template DNA, 
1 μL of 10 × PCR buffer, 0.1 μL of dNTPs (10 μmol/L), 
1 μL of primers (10 μmol/L) and 0.1 U Taq DNA 
polymerase. The amplification protocol comprised an 
initial denaturation (95 °C for 3 min), followed by 35 
cycles of 95 °C for 30 s, 55 °C for 30 s and 72 °C for 
40 s, and was completed by a final extension (72 °C 
for 8 min). The reaction products were separated 
electrophoretically through an 8% non-denaturing 
polyacrylamide gel, and visualized by silver staining. 
Transcriptions of starch synthesis related genes 
RNA was extracted from developing grains (at 3, 6, 9 
and 12 DAF) of both flo7 and WT using the SDS- 
Trizol method (Li and Trick, 2005). After treatment 
with DNase I, the first cDNA strand was synthesized 
based on oligo (dT) priming. Transcription profiling of 
flo7 and WT was carried out using real-time quantitative 
PCR (qPCR) directed at a set of starch synthesis related 
genes, with the rice Actin (GenBank: X16280) gene as 
the reference sequence. The 20 μL qPCRs were based 
on SYBR premix Ex TaqII (TOYOBO, Japan) and ran 
on a Light Cycler 480 device (Roche, Geman). The 
relevant gene-specific primers are shown in Table 2. 
The 2-¨¨CT method was used to calculate relative 
transcript abundances (Schmittgen and Livak, 2008). 
RESULTS 
Phenotype of flo7 
The endosperm in mature grains of the mutant flo7 
was white and opaque, unlike that in WT, which was 
vitreous (Fig. 1-A to -C). Grain width and thickness of 
the mutant flo7 were both less than those of WT, 
however, grain length was greater than that of WT 
(Fig. 1-D to -F). And 1000-grain weight of the mutant 
was only ~80% of that of WT (Fig. 1-G). With respect 
to most other agronomic characters, there was little 
difference between the mutant flo7 and WT. The 
exceptions were that number of grains per panicle and 
plant height of flo7 were little higher than those of WT 
with no significant difference (Table 3). 
Table 1. Primers for fine mapping of Flo7. 
Primer Forward (5'-3') Reverse (5'-3') Product size (bp) 
RM6411 GGGTATTGTCGGTGTTCAGG GAAGGCTGTACCATCCAACG 140 
RM1227 CATGGTAGCACACACCCTTG CATCGACATGTGGACCACTC 137 
RM28746 GAAGAAAGAAGACGCCAAGAAACG CATTCCATTCCCTTCCTCTTCG 158 
C5-2 GCTGTCAGATCGGTAGGCA ACCACATCAACCCAGAAAA 90 
C5-15 TGTTTGTGCCTTCAGATAA TGAGATAGGGGAAGTAGAT 87 
C2-6 AGATTCTTTTCCAAACAAC AATCATCATATTGCCGAAA 81 
C2-11 TGCATCATCCAATCTGTCTTGG TCGACAAGCCAATCTACTCTTCC 139 
C7-3 CTACGTGCATCCATCGAGAA TGAATTGTTTACCGGAACCC 153 
C7-5 TCTTCTACTCCTCGTCTTCGTTCG CATGCAGAGCAGAGACTTCTTGG 143 
C7-12 TGCTGGACACAGCAAGTTTT TAGATGGTGGGGGTGATAGG 185 
C7-15 GCGTTGATTGATGATGATGG CGACCCGACGTAAAAGAGAA 113 
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Physical and chemical properties differences 
between flo7 and WT 
The rates of dry matter accumulation in the grains 
between 3 and 9 DAF were similar in flo7 and WT. 
flo7 grains accumulated dry matter more slowly than 
WT grains, so that by maturity, the weight of flo7 
grains had reached only ~80% of WT grains (Figs. 
1-G and 2-A). The glucose and fructose contents of 
the mutant grains were higher than those of WT grains 
during the period of 6 to 24 DAF (Fig. 2-C, -D). 
Before 9 DAF, there was no significant difference in 
grain sucrose content between WT and flo7, but 
thereafter the sucrose content of the mutant grains was 
consistently higher than that of WT grains (Fig. 2-B). 
With respect to amylose content, gel consistency and 
hardness, flo7 grains were significantly lower than 
WT grains, however, alkali value of flo7 grains was 
higher and the total protein content was similar in 
grains of the mutant and WT (Table 4).  
Abnormal starch granule structure in flo7 grains 
SEM images of mature grain cross-sections showed 
Table 2. Primers used to assay starch synthesis-related gene transcription. 
Primer Accession number Forward (5'-3') Reverse (5'-3') 
Actin X16280 CATGCTATCCCTCGTCTCGACCT CGCACTTCATGATGGAGTTGTAT 
OsAGPS1 AK073146 AGAATGCTCGTATTGGAGAAAATG  GGCAGCATGGAATAAACCAC 
OsAGPS2a AK071826 ACTCCAAGAGCTCGCAGACC GCCTGTAGTTGGCACCCAGA 
OsAGPS2b AK103906 AACAATCGAAGCGCGAGAAA GCCTGTAGTTGGCACCCAGA 
OsAGPL1 D50317 GGAAGACGGATGATCGAGAAAG CACATGAGATGCACCAACGA 
OsAGPL3 AK069296 AAGCCAGCCATGACCATTTG CACACGGTAGATTCACGAGACAA 
OsAGPL4 AK121036 TCAACGTCGATGCAGCAAAT ATCCCTCAGTTCCTAGCCTCATT 
OsSSI D16202 GGGCCTTCATGGATCAACC CCGCTTCAAGCATCCTCATC 
OsSSIIa AF419099 GCTTCCGGTTTGTGTGTTCA CTTAATACTCCCTCAACTCCACCAT 
OsSSIIIa AY100469 GCCTGCCCTGGACTACATTG GCAAACATATGTACACGGTTCTGG 
OsBEIIb D16201 ATGCTAGAGTTTGACCGC AGTGTGATGGATCCTGCC 
GBSSI AK070431 TCCGAGAGGTTCAGGTCATC  ATGAGCTCCTCGGCGTAGTA 
OsISA1 AB093426 TGCTCAGCTACTCCTCCATCATC AGGACCGCACAACTTCAACATA 
OsISA2 AC132483 TAGAGGTCCTCTTGGAGG AATCAGCTTCTGAGTCACCG 
OsISA3 AP005574 ACAGCTTGAGACACTGGGTTGAG GCATCAAGAGGACAACCATCTG 
OsPUL AB012915 ACCTTTCTTCCATGCTGG CAAAGGTCTGAAAGATGGG 
OsPHOL AK063766 TTGGCAGGAAGGTTTCGCT CGAAGCCTGAAGTGAACTTGCT 
Fig. 1. Phenotypes of flo7 and its wild type (WT). 
A, Non-milled grains; B, Milled grains; C, Cross sections of endosperm; D, Grain length; E, Grain width; F, Grain thickness; G, 1000-grain 
weight. 
All values are given as mean ± SD.  
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that starch granules deposited in the central and 
peripheral regions of WT grains were uniformly 
polyhedral in shape and closely packed (Fig. 3-A to 
-C). In contrast, in the central region of flo7 grains, 
starch granules were mostly spherical or irregular in 
shape, non-uniform and loosely packed (Fig. 3-D, -E). 
The starch grains in the peripheral region of flo7 
grains were more regular in shape and size, but still 
loosely packed (Fig. 3-D, -F). 
Fine mapping of Flo7 
The grains of F1 plants of flo7 × Nanjing 11, flo7 × 
Pei’ai 64 and flo7 × 93-11, parts of which (equivalent 
of F2 recessive separated plants) performed opaque 
white floury endosperm similar to flo7. Statistics 
showed that the separation percentage of normal 
endosperm seeds to opaque floury endosperm seeds of 
F1 plants was 3:1 (Table 5), indicating that the opaque 
floury endosperm trait in flo7 was controlled by single 
recessive nuclear gene. The 46 seeds with opaque 
floury endosperm from F1 plants of flo7 × Nanjing 11 
were selected, and DNA of the seedlings were used for 
fine mapping, and Flo7 was preliminarily located on 
the long arm of chromosome 12 (Fig. 4-A). Based on 
Table 3. Agronomic performance of flo7 and its wild type (WT). 
Material 
Plant height 
(cm) 
Main panicle length 
(cm) 
Effective tiller number 
per plant 
No. of grains per panicle 
Seed-setting rate 
(%) 
WT 67.25 ± 4.25 16.88 ± 2.32 26.25 ± 2.75 60.00 ± 5.80 66.25 ± 8.32 
flo7 74.20 ± 3.50 17.22 ± 1.80 26.75 ± 4.68 61.75 ± 5.25 82.20 ± 9.33 
P value (t test) 0.003 0.190 0.150 0.850 0.036 
 
 
Table 4. Grain quality properties of flo7 and its wild type (WT). 
Material  Protein content (%) Amylose content (%) Gel consistency (mm) Alkali spreading value Hardness (N) 
WT 10.2 ± 0.2 17.9 ± 0.2 80.5 ± 0.5 6.0 ± 0.5 19.5 
flo7 10.7 ± 0.2 15.4 ± 0.3 56.6 ± 0.5 6.8 ± 0.2 15.4 
P value (t test) 0.180 0.012 0.002 0.035 0.018 
Fig. 2. Free sugar content and 1000-grain weight of flo7 and wild type (WT) during grain filling (Mean ± SD, n = 3).  
A, 1000-grain weight; B, Sucrose content; C, Glucose content; D, Fructose content.  
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288 segregants and the additional informative SSR 
assays RM28746, C5-2, C2-6 and C7-15, the locus 
was further located between the markers C2-6 and 
C7-15, with distances of 3.7 and 1.2 cM, respectively 
(Fig. 4-B). Finally, by using 1 720 opaque floury 
endosperm progeny and another five informative 
InDel markers, the gene was accurately located in 95.1 
kb interval defined by markers C2-11 and C5-15 (Fig. 
4-B). According to the gene annotation database 
(http://rapdblegacy.dna.affrc.go.jp/), this region harbors 
13 open reading frames (ORFs) (Fig. 4-C, Table 6). 
Transcription analysis of starch synthesis related genes 
Variation in the transcript abundance of various starch 
synthesis related genes in flo7 and WT plants was 
monitored using qPCR. The transcription levels of 
OsAGPS2a, OsAGPS2b, OsAGPL1, OsAGPL4 and 
OsISA3 were higher in flo7 than in WT during the 
period of 3 to 12 DAF. Meanwhile, the transcript 
abundance of OsPUL, OsISA1, OsISA2, OsPHOL, 
OsAGPL3, OsSSI and OsAGPS1 was greater in WT 
than in flo7 at 6 DAF, but lower at 3, 9 and 12 DAF. 
OsSSIIa, OsSSSIIIa and OsGBSSI transcription was 
higher in WT than in flo7 at 9 DAF, but lower at 3, 6 
and 12 DAF. OsBEIIb transcription was higher in WT 
than in flo7 at both 4 and 9 DAF, but lower at both 3 
and 12 DAF (Fig. 5). 
DISCUSSION 
Opaque floury endosperm is unattractive to both the 
rice processor and consumer. Its negative effect on 
grain weight means that it imposes a yield penalty. 
The trait is known in all the small grain cereals, and is 
underlain by an altered starch composition, which 
induces a range of pleiotropic effects on the grain (Jin 
et al, 2010). In the rice mutant flo2, for instance, grain 
length, width and thickness are all lower than those of 
WT, as well as 1000-grain weight, amylose content 
and protein content. Although total starch content in 
grains of the mutant flo4 is identical to that of WT, 
grain protein content is higher, and 1000-grain weight 
and amylose content are lower (Kang et al, 2005). 
Both the protein and lipid contents of flo6 grains are 
higher than those of WT grains, while both the total 
starch and amylose contents are lower (Peng et al, 2014). 
This study has shown that compared to WT grains, 
flo7 grains were longer, narrower, thinner and lighter, 
and had lower amylose content and gel consistency, 
Table 5. Genetic analysis of flo7. 
Combination 
No. of wild 
type plants 
No. of flo7 
 type plants 
Ȥ2(3:1 ) P value 
flo7/Nanjing 11 502 179 0.600 0.44 
flo7/Pei’ai 64  89  28 0.025 0.79 
flo7/93-11 102  36 0.038 0.77 
Fig. 3. Structure of starch granules in endosperm of wild type (WT) (A, B and C) and flo7 (D, E and F). 
A and D, Cross-sections of endosperm; B and E, Central region of mature endosperm from the cross-sections in A and D indicated by the red 
square; C and F, Outer portion of mature endosperm from the cross-sections in A and D indicated by the blue square. 
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while the protein content was unaffected by the mutation. 
The main components of rice endosperm were starch 
and protein. The component and structure of starch and 
protein in floury mutants often altered greatly (Yao 
and Song, 2013). In floury endosperm mutants, for 
example, flo2, the transcription of genes involved in 
starch synthesis is also characteristically altered (She 
et al, 2010). Changes in gluten (representing about 
80% of protein in grains) content and composition can 
also induce alterations in grain quality. A number of 
glutelin precursor accumulation mutants all produce 
floury and opaque endosperm (Wang et al, 2010; Liu 
et al, 2013; Ren et al, 2014). Here, a number of starch 
synthesis related genes were affected differently in the 
flo7 endosperm compared to WT endosperm. OsAGPS2a, 
OsAGPS2b, OsAGPL1, OsAGPL4 and OsISA3 were 
all up-regulated during the grain filling stage. 
Although, lots of research about floury endosperm 
mutant has been reported, formation and regulation 
mechanism of the floury endosperm is very complex, 
and still unclear, therefore, cloning and function 
studies of more related genes are needed. Floury 
endosperm mutant flo7 was used in this study, and the 
mutant gene was located on the long arm of 
chromosome 12, which is different compared to floury 
endosperm mutant genes previously mapped. Flo7 
was located in a 95.1 kb interval with 13 ORFs. One 
of these (ORF10) encodes an ADP ribose enzyme 
analog, which combines with GTP to regulate the 
formation and transport of cell membrane endocrine 
vesicles (Chavrier and Gouch, 1999; Hanzalbayer et al, 
2002). Abnormalities in the cell membrane can induce 
floury endosperm (Fukuda et al, 2013; Ren et al, 
2014). A second gene mapped to the candidate region 
(ORF4, OsRab5a/gpa1) encodes a protein associated 
with the transport of GTPase and the synthesis and 
processing of gluten. However, the DNA sequences of 
ORF4 and ORF10 have no difference between the WT 
and flo7 (data not shown), so which ORF is the 
candidate gene of flo7 has to be further studied. This 
study would help to further understand the regulation 
mechanism of starch synthesis and metabolism, and 
Table 6. Candidate genes in Flo7 fine mapping interval. 
ORF Candidate gene Function description 
ORF1 Os12g0630750 Full insert sequence 
ORF2 Os12g0630800 Hypothetical conserved gene 
ORF3 Os12g0631025 Non-protein coding transcript 
ORF4 Os12g0631100 Small GTPase, storage protein trafficking 
ORF5 Os12g0631150 Non-protein coding transcript 
ORF6 Os12g0631200 Similar to ubiquitin-protein ligase / zinc ion 
binding protein 
ORF7 Os12g0631600 Conserved hypothetical protein. 
ORF8 Os12g0631800 Phytoene dehydrogenase-like 
ORF9 Os12g0632000 Similar to glycine-rich RNA-binding protein 1 
ORF10 Os12g0632100 Similar to ARL2 G-protein 
ORF11 Os12g0632401 Hypothetical conserved gene 
ORF12 Os12g0632600 Similar to helix-loop-helix DNA-binding 
domain containing protein 
ORF13 Os12g0632700 Malate dehydrogenase, glyoxysomal precursor 
Fig. 4. Genetic mapping of gene Flo7. 
A, A coarse map placed the locus on chromosome 12 between RM6411 and RM1227; B, Flo7 was located in 95.1 kb region defined by the 
markers C2-11 and C5-15; C, Candidate region contain 13 open reading frames (ORFs). 
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lay foundation for eventually cloning and functional 
studies of Flo7. 
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